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ABSTRACT
An investigation into the genetic and developmental 
relationships between the T and srn mutations in the mouse 
was undertaken. The expressivity of the srn gene was 
studied as well as genotype comparisons for alkaline 
phosphatase activity within and between inbred and non­
inbred lines of mice.
Linkage and allelism tests indicated that the T and 
srn genes assort independently. No detectable interaction 
could be demonstrated between the two mutations.
The srn mutation was found to have a more severe effect 
on the development of the reproductive tract in female 
siren mice than in male siren mice. On the other hand, the 
development of the male urinary tract was more severly 
affected than that of the female siren mice. The severity 
of malformation in both tracts is similar in human sirens 
and is probably due to the earlier development of the male 
reproductive tract. Skeletal abnormalities which result in 
the siren phenotype in srn/srn mice were similar between 
sexes of mice.
The occurrence of semi-siren mice was explained as the 
result of variable expressivity in the srn/srn genotype.
The condition can also be found in sibs of human sirens and
the variable expressivity may account for the discordance of 
sirenomelia reported in human identical twins.
Levels of plasma alkaline phosphatase activity at four 
ages (birth, 30 days, 45 days, and 90 days) in two lines of 
mice, one a non-inbred line (siren line) and the other an 
inbred strain (BUA/Hn) were determined. Comparisons of 
alkaline phosphatase activity within the siren line demon­
strated little variation between sexes at all ages except at 
90 days. The female at this age had higher activity. Other 
comparisons made indicate that this difference is probably 
due to a wider range of activity in the +/+ genotype in the 
female at this age. Siren mice did not differ from normal 
litter mates in alkaline phosphatase activity. Enzyme 
activity was lower in pregnant females of the siren line 
than in non-pregnant females of the same age. Placental 
alkaline phosphatase has not been reported for the mouse.
It is likely, therefore, that the female's circulation con­
tributes alkaline phosphatase to the fetus, accounting for 
her reduced plasma activity level.
There is little variation in alkaline phosphatase 
activity between sexes at all ages in the inbred BUA/Hn 
strain except at birth, where activity is higher in females. 
At birth the female may have more active contributing genes 
for alkaline phosphatase activity associated with those sex
linked or autosomal genes which determine sexual dimorphism.
Enzyme activity comparisons between the siren line and 
the BUA/Hn strain were made. The BUA/Hn strain had a higher 
enzyme activity at most ages. A difference resulting from 
homozygosity at loci of contributing genes would be expected 
in an inbred strain. Mice of the inbred strain were heavier 
than siren line mice at most ages. The differences in 
growth may partially account for differences in enzyme 
activity.
Alkaline phosphatase activity variation as a function 
of age parallels that reported for other species, i.e., 
man, rat and dog. The decrease in alkaline phosphatase 
activity after birth appears to be the result of a cessation 
of active bone growth.
INTRODUCTION
The appearance and description of sireniform monsters 
in man has been recognized and well documented in the lit­
erature since the eighteenth century (Kampmeier, 1927).
Until 1945 sireniform monsters had been described for no 
other mammal. Five sirens were reported among the progeny 
of five different matings of mice of different genotypes 
(Gluecksohn-Schoenheimer and Dunn, 1945). No other siren 
mice were reported in the literature until 1970 (Hoornbeek, 
1970a).
Little is known of the genetics of the sireniform char­
acter in either man or mouse. The character is considered 
recessive in this laboratory however, and has been shown to 
be autosomal in its inheritance in the mouse, Mus musculus 
L., (Hoornbeek, 1970a). Many of the structural abnormalit­
ies which accompany the fusion of the lower extremeties are 
similar in both man and mouse.
The original "spontaneous" appearance of sireniform 
monsters in mice apparently resulted from interactions of 
mutations, two of which were present in linkage group IX 
(Gluecksohn-Schoenheimer and Dunn, 1945). One siren arose 
from a line which included "u", a mutation which produced 
an aberrant urogenital system and was recessive in its
2phenotypic effect. Gluecksohn-Waelsch and Kamell (1955) 
reported a decrease alkaline phosphatase activity in the 
kidneys of mice homozygous for the ujr (formerly "u") mutant 
gene. The linkage group of ur is not known (Green, 1956) 
and apparently the mutation has been lost (Staats, personal 
communication, 1970). However, linkage group IX of the 
mouse appears to contain mutations which are involved with 
the processes of embryonic growth and differentiation 
(Gluecksohn-Waelsch, 1951).
Many defects in man, both pathological and congenital, 
have parallel counterparts in mice. For this reason, Mus 
musculus L. has been used in research involving a variety of 
physiological problems, and because it can be genetically 
standardized, the mouse has served as a model for many bio­
logical phenomena.
The purpose of this study was twofold. First, to test 
for allelism, linkage and interaction between the srn and T? 
loci. Secondly, one of the pleiotropic effects of the siren­
iform mutation on the pathological condition of the kidneys 
is similar to that described by Gluecksohn-Waelsch and 
Kamell (1955) for ur/ur mice. Thus, comparative plasma 
alkaline phosphatase activity levels were determined spec- 
trophotometrically at different ages in the mice presently 
maintaining the sireniform mutant and in a related but
3genetically standard strain of mice, BUA/Hn.
Sirenomelia has been reported in only two mammalian 
species. It is hoped that a study of this abnormality in 
mice may add to the knowledge of the inheritance and ex­
pression of this phenomenon in man. The use of the mouse 
as a model in developmental and physiological studies has 
been well justified by Gluecksohn-Waelsch (1951) as 
follows:
The mammalian embryo because of technical 
difficulties has not been a ready subject for an 
experimental approach similar to that used in 
other vertebrates. It is, therefore, fortunate 
that mutations have been discovered which pro­
duce abnormal situations in mouse embryos that 
resemble those observed in other vertebrates ....
Just as the analysis of biochemical mutations 
in microorganisms has contributed considerably 
to the general knowledge of biochemical mechanisms, 
so the analysis of mutations in mice has increased 
our knowledge of normal developmental processes 
of different types of mammals.
From the practical point of view there exists, 
of course, always the hope that the results ob­
tained from the genetic studies of mice may 




REVIEW OF THE LITERATURE
Sympodia in humans has been recognized from early times.
As Moorhead (1904) points out, the race of men called Mono-
coli, described by Pliny as walking and jumping on one median
lower limb, is a legend which he feels may be regarded as:
being inspired by the occasional occurrence of 
Symelian QsicJ fetuses, especially in view of 
the tendency of writers in those days to look 
upon monstrosities as the chance occurrence 
among men of being belonging to another race 
or type. As such, it may be regarded as the 
earliest reference to the sympodia.
As noted by Kampmeier (1927), throughout the succeeding 
centuries, up to and including the period of the Renais­
sance (14th-16th cent.), occasional descriptions can be 
found and although basically correct, are still interlaced 
with fiction.
Thomas Bartholin, a 17th century anatomist, lived at 
a time when facts and fancy were hopelessly intermingled in 
the medical literature. His report includes a description 
and illustration of a "sirene natans" having webbed fingers 
and mammae, which he depicts frolicking on the waves (Bartho­
lin, 1654). By the late eighteenth century fiction gave way 
to factual descriptions and many reports of actual occurrences 
of sympodia were verified and noted by Ballantyne (1898) and 
later by Kampmeier (1927).
5Although not common, the condition of sympodial fetus 
and various descriptions of it was familiar enough so that 
a classification based upon the completeness of the fusion 
of the two lower limbs was made by St. Hilaire (1836). The 
three categories of St. Hilaire, i.e., "sirenomlle", 
"urom^le", and "sym^le" were renamed by Forster (1861) to 
"symelia apus", "symelia unipus", and "symelia dipus" based 
upon no feet, one foot, and two feet being present at the 
end of the single lower limb, respectively. The latter 
terms became those generally used in the literature. As a 
result of the treatises of St. Hilaire (1836) and Forster 
(1861) as well as those of Weigert, (1878), as reported by 
Kampmeier (1927) and Ballantyne (1898) sympodia, a foetal 
malformation consisting of more or less complete fusion of 
the lower limbs form a single extremity, is also known in 
the literature by the synonyms: sirenomelia, sympus dipus,
sympus, and mermaid foetus. Another category described by 
Ballantyne (1904) is "monopodia", which is based upon a 
condition in which the single lower limb shows no indica­
tion that it has been derived from the fusion of two lower 
limbs. The synonym "monomelia" has been used for this 
category (Bain, Beath and Flint, 1960). Throughout the 
literature it is found that the categories are not rigidly 
adhered to in describing siren monsters, hence the number
6of synonyms. Like any system of classification, the categor­
ies are distinct; however, as noted by Kampmeier (1927) the 
amount of variation between cases is such that they do not 
all fall within the limits of a particular category.
Ballantyne (1898) accumulated and verified, as much as 
was possible, 120 cases of sympodia from the literature. 
Later, he (Ballantyne, 1904) simplified the classification 
by referring to cases of complete or incomplete fusion of 
the lower limb as monopodia or sympodia, respectively. 
Kampmeier (1927) gathered 50 additional cases from the 
literature and added one of his own. Aside from the primary 
characteristic of the fusion of the bones in the lower limb 
and descriptive details of other anomalies associated with 
sirenomelia, much of the early literature is concerned with 
the causation of these siren monsters.
One commonly occurring anomaly is the absence of one 
of the unbilical arteries. It is this anomaly which is 
discussed rather extensively in the early literature as 
being the causative factor for sirenomelia. Weigert (1886) 
asserted that the single artery, arising directly from the 
aorta as the persistent vitelline or omphalomesenteric 
artery, is the primary cause for the formation of the 
monster. He believed that the other malformations found 
are only secondary and are due to malnutrition as a result
7of the impaired blood supply. Bolk (1900) attributed the 
malformation to disturbances which affect the number of 
caudal segments in early embryonic life and thus division 
of the lower extremities is prevented; i.e., he considered 
mechanical hinderances rather than impaired blood supply to 
be main factors in the formation of the defects. Kampmeier 
(1927) effectively pointed out that there have been actual 
cases having the same defects appearing in specimens having 
"a normal number of vertebral segments, or even supernumerary 
segments." He stressed the single 'umbilical' artery to be 
the essential causative feature of sirenomelia. Some cases 
reported since Kampmeier's review merely mention the two 
conflicting theories of Weigert and Bolk such as that re­
ported by Dreyfuss (1928). Newbill (1941) placed the pri­
mary disturbance at the base of the urogenital sinus at or 
before the 4.5 mm stage when the ureteric buds and limb 
buds begin to appear and the aorta and umbilical arteries 
are still separate. He believed the changes in the limbs 
were probably identical to disturbances more proximally 
placed. Other reports such as Resnick (1945) are simply 
brief descriptive case histories outlining autopsy and 
X-ray findings. Dodek and Friedman (1950) gave additional 
observations to support Weigert's theory and hence refute 
Bolk's theory.
8The subject of sirenomelia is briefly discussed by 
Potter (1952) in her textbook in which she illustrates three 
cases of her own. One report by Foulkes and McMurray (1954) 
stated that they found only one other reported case; however, 
they did not cite the reference. Fritzsche (1955) drew 
attention to facial anomalies such as a small receding jaw, 
epicanthus, large low-set ears with atypical flaps generally 
lacking cartilage, and the nose flattened at the tip. From 
the photographs in his report it can also be noted that the 
monopodal siren had spade-like hands. The facial character­
istics were first described by Edith Potter (1946a, 1946b) 
in association with renal agenesis; they have since been 
recognized as Potter's syndrome or Potter facies for the 
facial characteristics. The syndrome also has pulmonary 
hypoplasia associated with it. The large flattened and 
clumsy spade-like appearance of the hands was described by 
Bain and Scott (1960) in association with severe urinary 
tract dysplasia. The papers of Bain, et al. (1960) and 
Bearn (1960) discuss the frequency and association of 
Potter's syndrome and also the possible role of oligohydram­
nios in sirenomelia. It is interesting to note that the 
case described by Jones and Lee (1955) had normal facies 
but complete absence of renal tissue. Of the three cases 
described by Hendry and Kohler (1956) the illustrations
9show the sirens having Potter's facies; however, in one of 
their cases the kidneys were described as "fused at upper 
poles forming a horse-shoe." In many of the earlier reports 
with illustrations the facial characteristics of Potter's 
syndrome can be seen (Ballantyne, 1898 and Kampmeier, 1927).
The case described by Jolly and Lamont (1958) is inter­
esting in that it not only displays the more common anomalies 
found in the lower abdominal organs and also those found in 
Potter's syndrome, but also some anterior malformations such 
as the upper end of the esophagus which ended blindly. Also 
interesting was the histological identification of "embryonic 
seminiferous tubules in the form of solid rods while cell 
nuclei from several sites showed a female chromatin pattern." 
Cytogenetic studies by Crawfurd, Ismail, and Wigglesworth 
(1966) of a sireniform twin revealed a male karyotype which 
also proved to be chromatin negative. There does not appear 
to be any other chromosomal studies made other than that of 
Passarge and Sutherland (1965) on three cases of Potter's 
syndrome with renal agenesis but no sympodia. They found 
normal chromosomal constitutions in all three cases. Bain, 
et al. (1960) concluded that severe urinary tract dysplasia, 
such as renal agenesis or complete urethral atresia, and 
its associated fetal and placental changes are a constant 
finding in sirenomelia and monomelia. It is of interest
10
to note that two umbilical arteries were found in one of 
their cases. They did point out that "absence of one 
umbilical artery is seen frequently in babies with varied 
congenital malformations and occasionally in apparently 
normal infants." Bain, et al. (1960) and Bearn (1960) 
consider oligohydramnios as secondary to renal agenesis and 
probably results in some of the facial features of Potter's 
syndrome. They did agree that sympodia cannot be due to 
oligohydramnios.
Hilson (1957) pointed out that abnormalities of the 
ears, similar to those seen in Potter's syndrome, occur in 
other malformations of the urinary tract, e.g., absence of 
one kidney or bifid ureter. He also showed that not all 
infants who die with renal agenesis have the large flabby 
ears described by Potter. He reported a genetic association 
between renal agenesis, unilateral absence of one kidney, 
peculiarity in the formation of the ears and other malfor­
mations of the urogenital tract. Bain and Scott (1960) 
found gross defects of the caudal end of the fetus, such as 
sirenomelia or spina bifida in seven out of fifty cases of 
renal agenesis.
The various anomalies of the caudal end of the fetus 
that occur, including imperforated anus, intestinal ano­
malies, dysplasia of the urinary tract, anomalies of lumbar
11
and sacral spine and sympodia have been termed "the syndrome 
of caudal regression" by.Duhamel (1961). Other reports 
include a case reported by Williams (1962) with not only the 
usual abnormalities but also a trilocular heart with a 
ventricular septal defect, absence of mitral valve, ano­
malies of the aorta and a tracheo-esophageal fistula. 
Fritzsche (1955) also found numerous malformations of the 
upper organs such as atresia of larynx, aplasia of the 
trachea and a bronchial-esophageal fistula. Individual 
cases have been reported such as those of Mehta, Bisney and 
Purandare (1964), Johnson (1966) and Daum, Heiss, and Wenz 
(1969) having the usual anomalies associated with sireno­
melia .
Several cases of twins can be found in the literature. 
Bauereisen (1905) reported a pair of male twins, one being 
true sirenomelia and the other having an apparently normal 
skeleton but having rectal and anal atresia and only one 
kidney. No mention was made of zygosity, placenta or 
umbilical cord. The case of twins described by Hendry and 
Kohler (1956) was also of males said to be monochorionic, 
diamniotic and uniovular. The twins were aborted at 24 1/2 
weeks and both fetuses were macerated. The first born 
showed no external signs of malformation; the second was 
poorly developed and had no upper extremeties while the
12
lower extremeties were fused, with the fibulae medial to the 
tibia. Internal dissection was not reported. The umbilical 
cord had only two vessels. Crawford, et al. (1966) reported 
another case of twin males. The zygosity is uncertain as 
the placenta, said to be single, was not preserved by the 
midwife. The first born showed no signs of malformation.
The authors noted that at the time of the report the child 
had progressed well, apart from slight feeding difficulties. 
The second twin was a stillborn sireniform (monopodal) show­
ing typical Potter facies as well as other typical anomalies 
of sirenomelia.
The first authenticated case of sirenomelia in identi­
cal twins (female) was reported by Roberge (1963). The 
illustrations in this report show both twins having typical 
Potter facies in addition to both being "sympus apus."
Nance, Davies, and Chazen (1969) reported a case of female 
twins having a probability of .99 for monozygosity, in which 
only one twin was affected with sympodia. Both twins had 
single umbilical arteries. They attributed the anomaly to 
possibly be mutations of cytoplasmic genes.
The appearance of sirenomelia in species other than 
man is sparsely noted in the literature. Ballantyne (1898) 
cited a report by Dareste in 1891 of several cases of 
sympodia in his studies of development in the chick. Wolff
13
(1936) produced sirenomelia in chick embryos by irradiation 
of the posterior end of the body at the primitive streak 
stage. The degree of malformation varied with the amount 
of tissue damage but did result in fusion of the legs and 
defects of the urogenital system, comparable with those of 
the spontaneous malformations in humans.
The only other mammal in which sirenomelia has been 
reported is that of the mouse, Mus musculus, (Gluecksohn- 
Schoenheimer and Dunn, 1945). These authors recognized two 
categories of mammalian monsters: one to which a specific
genotype could be applied and the other arising "sporadi­
cally", i.e., without a specific genotype. They placed the 
occurrence of sireniform monsters in man into the "sporadic" 
category with the qualification that the category may not 
be fair in all cases due to a lack of adequate family data. 
During developmental genetic studies of various genotypes, 
five sireniform mice appeared among the progeny of mice. 
Although no specific genotype could be applied to these 
monsters, the "sporadic" category was ruled out because 
"their comparatively frequent occurrence in the mutant 
strains seems to be related to the presence in these mice 
of the mutations at or near the T locus"; i.e., due to the 
interaction of a favorable genetic constitution. Many of 
the anatomical abnormalities of the skeletal and urogenital
14
systems in the siren mice were similar to those found in 
human sirens. One of the more obvious differences reported 
was that of the sex of the sireniform mice, three of which 
were females, one questionable, and one viscerally incom­
plete. Kampmeier (1927) found 38 males, 14 females and 27 
of unknown sex in his extensive review of human sirens. 
Crawfurd, et al. (1966) supported the findings of a predom­
inance of human male sirens in the literature. No other 
reports of sirenomelia in mice can be found in the litera­
ture until that of Hoornbeek (1970a). He reported the 
appearance of sireniform monsters in the progeny of mice 
being studied for the incidence of the "careener" condition. 
Inheritance studies indicated that sirenomelia in mice is 
due to an incomplete recessive autosomal gene. The symbol 
srn for the gene has been provisionally proposed (Hoornbeek, 
1970b).
The two primary systems structurally affected in 
sirenomelia are the axial skeleton, including the tail, and 
the urogenital system. Gluecksohn-Waelsch (1951) indicated 
several developmental mutations which affect the urogenital 
and/or skeletal systems. Danforth's Short Tail (SdJ, a 
dominant mutation described by Dunn, Gluecksohn-Schoenheimer 
and Bryson (1940) whose effects are described in detail by 
Gluecksohn-Schoenheimer (1943), is defined as being
15
completely lethal when homozygous and semi-lethal when 
heterozygous. The effects can be summarized as abnormal 
vertebrae which may be deleted, misshapened or fused in the 
lumbar, sacral and caudal regions of the spine and abnor­
malities of the kidneys, varying from reduction in size to 
complete absence. The malformations are most extreme in 
the homozygotes; i.e., the spinal column is very much 
shortened, the tail and kidneys are absent and death occurs 
shortly after birth. The Sd mutation is located in linkage 
group V (Green, 1965).
In her extensive reviews, Gluecksohn-Waelsch (1951 and 
1953) pointed out that linkage group IX of the mouse appear­
ed to contain many mutations which are involved with the 
processes of embryonic growth and differentiation. These 
mutations were first recognized by their effects on the 
tail. Brachyury (T) was discovered by Dobrovolskaia in 
1927 and described by Chesley (1935) as a mutation which 
resulted in a short tail in the heterozygotes and death at 
approximately ten days after fertilization in the homozy­
gotes. Gluecksohn-Waelsch (1951 and 1953) pointed out that 
at least 14 different jt-mutations have been detected in 
linkage group IX; of these, five of them (t°, t£, t£, t£, 
and t-*-^ ) are lethal when homozygous and interact with ]T to 
give taillessness when heterozygous. A second dominant
mutation reported by Gluecksohn-Waelsch (1951 and 1953) to 
be in linkage group IX is Kink (Ki) which is lethal at about 
9 days after fertilization in the homozygotes and causes a 
"kinky appearance of the tail." Fused (Fu) is a third 
dominant tail mutation she stated as being "conditionally 
lethal, i.e., embryos homozygous for Fu die on certain 
genetic backgrounds, but are viable on others" (Gluecksohn- 
Waelsch, 1953) . Fused produces a shortening and thickening 
of the tail. Dunn and Caspari (1945) demonstrated five 
probable cases of cross-over between Fu and Ki. Kink was 
later demonstrated to be an allele of Fused by Dunn and 
Gluecksohn-Waelsch (1954).
Another mutation known to affect the urogenital system 
is \ar, the effect of which is referred to as urogenital 
syndrome by Gluecksohn-Waelsch (1951). A lethal spectrum 
of abnormalities of the gut, tail, and urogenital system 
was described by Dunn and Gluecksohn-Schoenheimer (1947).
The sireniform mice reported by Gluecksohn-Schoenheimer and 
Dunn (1945) resulted from parents having various combina­
tions of the T, t^, Fu, and ur mutant genes. The five 
sirens were believed to have three and possibly five 
different genotypes. T. and t^ are alleles and are located 
in linkage group IX; Fu is also in linkage group IX (Green, 
1966). Dunn and Gluecksohn-Schoenheimer (1947) demonstrated
17
that ur segregated independent of the Brachy (T) locus, but 
the linkage group for ;ur is unknown (Green, 1966) . There 
are no holders of the ur stock listed in the Mouse News 
Letter (1970) and according to Staats (1970, personal 
communication) no stocks are presently known to carry the 
ur mutation.
Gluecksohn-Waelsch and Kamell (1955) reported that the 
majority of animals homozygous for ior died within 24 hours 
after birth and had kidneys which exhibited only slight 
histological abnormalities. They demonstrated histochem- 
ically that the kidneys were deficient in alkaline phos­
phatase, which they interpreted as a physiological distur­
bance in kidney function. They also found an increase in 
relative water content which they considered to be a further 
indication of a disturbance in kidney function. They 
attributed the death immediately after birth of most of the 
ur/ur mice to the presence of a cleft palate, which appeared 
in great frequency during the course of their study. Those 
ur homozygotes having normal palates survived but they re­
mained small, were weak and sterile. Fitch (1957) pointed 
out that ur/ur mice with cleft palates, although unable to 
suck, may not have died from starvation, since other newborn 
mice can sometimes live for several days without food or 
water. She suggested that the mice died of anoxia as a
18
result of clogged respiratory passages. She also pointed 
out that the mutant mice often had "approximated legs."
The determination of alkaline phosphatase activity 
levels, especially in serum or plasma, has widespread 
acceptance in clinical medicine. Many reports appear in 
the literature which point out a relationship between 
various diseases in man and animals and quantitative changes 
in the phosphatase content of the tissues. Of interest in 
the early literature is a paper by Kay (1930b) in which he 
reported high plasma phosphatase values in a number of bone 
diseases. He also noted that disease of phosphatase-rich 
tissues, the three most active being the intestinal mucosa, 
kidney, and the epiphyseal zone and periosteum of bone, 
would probably result in an increase above the normal level 
of plasma phosphatase which is relatively low. He felt, 
however, that a decrease in plasma phosphatase level would 
indicate a "diminution in an already small activity." He 
believed that the occurrence of a level below normal would 
be rarer than that of an increase. Another comprehensive 
contribution to the literature was made by Bodansky (1934a) 
who demonstrated the non-osseous origin of serum phosphatase 
to be the result of ingestion of carbohydrates. He suggest­
ed the increase to be due to "increased functional activity 
of the organs and tissues involved in the processes that
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follow ingestion." As a result of his study he suggested 
that normal serum phosphatase is of a "diverse origin" and 
that changes in the level can be considered to be due to 
"pathological or functional suppression or stimulation" of 
the tissues and organs involved in the specific processes.
He suggested that this "diverse origin" of normal serum 
phosphatase explains the wide range of normal levels found 
from species to species and the variation from individual 
to individual within the same species. The investigations 
of Woodward, Twombly, and Coley (1936) on the use of a 
serum phosphatase levels in the diagnosis of bone cancers 
supported the earlier papers on the osseous origin of serum 
phosphatase. They did not place any reliance, at the time, 
on serial determinations during the treatment as an aid in 
prognosis.
Much of the early literature is concerned with the 
development of an accurate and convenient method of assay 
for serum alkaline phosphatase. Kay (1930a) established pH 
optima for the substrate B-glycerophosphate in man, rabbit, 
and rat. Bodansky (1933) developed a convenient, simple 
and rapid assay method with a short incubation time. Using 
the substrate B-glycerophosphate a standard unit of activity 
was expressed in Bodansky units. The work of King and 
Armstrong (1934) established a standard unit of activity
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using the substrate disodium phenylphosphate, which became 
known as K/A (King-Armstrong) units, and became the unit 
most used by later workers. They could recognize no obvious 
difference between adult men and women and established the 
range of 3-13 units to be normal for human adults. They 
found dogs to have a wider range and sheep and rabbits to 
have values well within the range given for humans. Bessey, 
Lowry, and Brock (1946) modified the method to be applicable 
to as little as 0.005 ml of serum. The literature since 
these earlier workers is voluminous and deals mostly with 
increased sensitivity or better analytical precision and 
accuracy. The conversion of these methods to micromethods 
(Lowry, 1957), and adaptation for automatic colorimetric 
analysis (Marsh, Fingerhut, and Kirsch, 1959) followed.
No reference to normal alkaline phosphatase levels in 
mice was made until the extensive work of Yuhas, et al.
(1967) in which they determined plasma activity levels for 
four enzymes, including alkaline phosphatase, in males and 
females of 23 inbred mouse strains. Novak, et al. (1970) 
established normal distributions for alkaline phosphatase 
in 306 male, 42-day-old mice of the ICR Swiss Albino strain. 
They noted that the normal activity for mouse serum appears 




All mice used in this study were housed in plastic cages 
on Ponderosa pine shavings and maintained on Purina Mouse 
Chow and water ad libitum. To determine possible linkage or 
allelism of the siren mutation with T in linkage group IX, 
crosses were made of +/srn mice to five females and three 
males of the linkage stock "MWT" (obtained from the Jackson 
Laboratory, Bar Harbor, Maine). Some offspring were 
carriers (+/srn) having short tails (T/+). In order to ident­
ify T/+ pups which were also +/srn, short-tail progeny (T/+) 
were mated to proved carriers of the srn mutant, as the +/srn 
heterozygote is usually not phenotypically recognizable. 
Approximately 3% +/srn mice have looped tails (Hoornbeek, 
1970a). Short-tail mice which produced twelve or more off­
spring, of which none were sirens, were discarded as non­
carriers (+/+) at the siren locus (P=.95).
After short-tailed carriers were identified, a total of 
thirty-four intercrosses (T/+ +/srn X T/+ +/srn) were made. 
Segregation at the srn locus was tested for an expected 3:1 
phenotypic ratio by chi-square. Segregation of the T, locus 
was tested for an expected 2:1 ratio by chi-square. A con­
tingency chi-square test for independence was conducted for 
the srn and loci (Mather, 1951). Not all intercrosses
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produced sirens; consequently, litter size comparisons from 
intercrosses which did produce sirens and those which did 
not were tested for significance by the "Student's" t-test 
(Snedecor, 1956).
Most sirens which were born, if alive, were killed and 
dissected for identification of sex and visceral abnormalit­
ies. Their skeletons were prepared and stained with alizarin 
red S. During this study some mice were born in which the 
hind legs were not completely fused. These were scored as 
"semi-sirens" at birth and were identified as sirens on the 
basis of abnormal pelvic girdles and visceral abnormalities.
Plasma alkaline phosphatase activity levels were de­
termined in the "siren line" and the BUA/Hn inbred strain 
(f 45 + f 14) which are maintained in this laboratory.
Alkaline phosphatase levels were determined in males and 
females from both lines at the following ages: newborn
pups less than twelve hours old, 30 days (weaning), 45 days, 
and 90 days. Some females had one litter by 90 days of age. 
Blood samples were obtained between 7:30 a.m. and 10:30 a.m., 
except that for newborn litters blood was taken as soon as 
possible, usually in the morning. Blood samples from new­
born pups were obtained by decapitation. All other samples 
were obtained from the orbital sinus as described by Riley 
(1960) using heparinized micro-hematocrit capillary tubes
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with polished tips (Arthur H. Thomas Co., Phila.) and sealed 
on one end with vinyl plastic putty. From the eye, enough 
blood was obtained to fill two or partially fill three 75 mm 
tubes in order to have 50 ul of plasma. From newborn pups, 
as much blood as could be obtained was drawn up in the 
capillary tubes without excess pressure being applied to the 
body so as to avoid hemolysis and tissue fluid contamination. 
After blood was drawn, the sealed tubes were spun for five 
minutes in an International Clinical Centrifuge with a 24- 
place hematocrit head. After spinning, any sample which 
exhibited hemolysis or plasma which was not clear was dis­
carded. The plasma was then drawn up and measured with a 
Hamilton microliter syringe (100 /al) . When possible, 50 pi 
of plasma were used, otherwise the amount was measured and 
reaction solutions were adjusted proportionately. The same 
syringe was used for all samples and was washed and dried 
between each measurement. The same pipettes and glassware 
were used for all measurements and reagents throughout.
All assays, reagent blanks and standards were read and 
determined spectrophotometrically by means of optical den­
sity (O.D.) at 410 mp. This wave length is recommended 
even though peak absorption of p-nitrophenol is at 400 mp, 
in order to avoid any hemoglobin, which absorbs less light 
at 410 m/i than at 400 mp (Sigma Tech. Bull. 104 3-63). All
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samples, reagent blanks and standards were read by means of 
a Beckman DU Spectrophotometer with a digital read-out 
attachment, using 10mm, 900pl and lOOpl cells.
Activity levels were determined by using Phosphatase 
Diagnostic Kit #104 (Sigma Chemical Co., St. Louis, Mo.) 
which is primarily designed for fast and accurate determin­
ations of 0.1 ml of human serum using p-nitrophenyl phos­
phate as the substrate. Bessey, et al. (1946) reported a 
method using this substrate for samples as small as 0.005ml 
of serum and recommended the use of this substrate for micro- 
as well as macro-determinations. The use of serum or plasma 
for determining phosphatase activities can be found with 
almost equal frequency. King and Armstrong (1934) used 
serum and oxalated plasma interchangeably and found no 
appreciable difference in results. Yuhas, et al. (1967) 
reported plasma enzyme activities for 23 strains of mice 
using the automated serum method of Marsh, et al. (1959). 
Since initial bleedings in the present study yielded poor 
clot formations and sera which were not clear, plasma was 
used in place of the serum called for in the Sigma Kit #104.
The principle of the assay is as follows: the sub­
strate, p-nitrophenyl phosphate, is colorless; however, 
through hydrolysis the phosphate group is split off, 
liberating the yellow salt of p-nitrophenol, with maximum
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absorption at 400 mp (Bessey, et al., 1946). The substrate 
is the indicator of the amount of splitting and so is a 
measure of phosphatase activity. Reaction:
p-nitrophenyl phosphate + HoO phosphatase \ p-nitrophenol +
H2P04“
The plasma was incubated with glycine buffer, pH 10.5 
at 25°C., the reaction stopped with 0.02N NaOH and the 
amount of yellow color measured colorimetrically. As serum 
or plasma may contribute some color, 0.1ml of concentrated 
HCl was added to convert the yellow sodium salt into color­
less free nitrophenol and a second O.D. was taken, which 
measured O.D. of the plasma. This O.D. was subtracted from 
the first to yield the corrected O.D. reading, which was 
then converted into alkaline phosphatase units of activity 
from the calibration chart. One Sigma Unit of Phosphatase 
will liberate lpM of p-Nitropheno1/ml/hr.
A calibration chart was prepared in increments of 0.01 
units from a curve plotted from readings of six different 
dilutions of p-Nitrophenol Standard Solution (10mM/l). The 
purity of the substrate ("Sigma 104 Phosphatase Substrate") 
is almost 100% and is available in preweighed capsules. 
Bessey, et al. (1946) pointed out that some preparations on 
the market contain about 50% inert material, requiring 
additional calculations. The stock substrate solution and
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the alkaline buffered substrate are both stable for 4 to 6 
weeks when frozen in small aliquots of 0.5ml and 1ml respec­
tively. Only a short incubation period is required. Bessey, 
et al. (1946) noted that for the p-nitrophenyl phosphate 
substrate "the degree of splitting in 30 minutes has been 
found to be proportional to the concentration of the enzyme, 
but has not been found to be strictly linear with time for 
more than about 30 minutes." He considered it desirable not 
to increase the incubation time. In addition, it is recom­
mended for activities of greater than 10 units that the 
incubation time be reduced to 10 or 15 minutes and the 
results multiplied accordingly (Sigma Tech. Bull. 104 3-63) .
All preparations from the 30 day, 45 day, and 90 day 
old mice were incubated at 38°C. for thirty minutes. Those 
from the newborn pups were incubated for 10 minutes. Volumes 
of plasma, buffered substrate, and NaOH were 50 }il, 0.5 ml, 
and 5ml respectively, when 50 pi of plasma were used. The 
volumes were proportionately reduced on smaller plasma 
samples. The glycine buffer, pH 10.5 @ 25°C. was used from 
the kit unadjusted. There is little reference to optimum 
pH for this substrate in mice. Yuhas, et al. (1967) used 
pH 10.0 for the substrate phenyl disodium phosphate. All 
assays were simultaneously incubated with a reagent blank 
containing all reagent, distilled water in place of plasma,
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and used to set O.D. at zero before each reading.
Determinations of sample sizes needed for analysis of 
activity differences were obtained for each line at age 
and sex at the 5% level of significance after calculating 
the variance. All mice were weighed prior to bleeding and 
means and standard errors of weights and activity levels 
were calculated for each line at each age and sex. The 
"Student's" t-test was used to test for differences in 
alkaline phosphatase activity levels between sexes, lines 
and genotypes at different ages.
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RESULTS
The results of the thirty-four intercrosses are summa­
rized in Table 1. Segregation at the srn locus, when tested 
from all intercrosses, was not normal (X = 40.12). When 
only matings which produced sirens were tested for a 3:1 
ratio, segregation was normal (X^= 2.82). Segregation at 
the T locus for all matings was abnormal (X = 6.86) when 
tested for an expected 2:1 ratio. It was also abnormal 
(X^= 5.12) when only matings which produced sirens were 
tested. An attempt to determine a reason for the signifi­
cance was made by testing for litter size differences from 
intercrosses which produced sirens and those which did not. 
The difference was not significant (t= 1.70, df=32); how­
ever, Hoornbeek (unpublished data) found that litter size 
difference did account for differences in segregation 
ratios at the srn locus, when segregation was not occurring 
at the T locus. Sex ratios were normal for all intercrosses 
in the present study.
Two contingency chi-square tests for independence 
were conducted, one including the offspring from all inter­
crosses, the other including only the offspring from those 
intercrosses which produced sirens. In both tests, the 
chi-square values were not significant (X^= 2.21 and 1.49,
Table 1
Summary of intercrosses T/+ +/srn X T/+ +/srn 
Intercrosses  Progeny_____________
T/+ +/- +/+ +/- T/+ srn/srn +/+ srn/srn
F M £ M !_ F M F M p
24 41 37 26 25 2 0 0 0 0 0
10 15 17 12 13 3 1 4 2 1
Total 34 56 54 38 38 3 1 4 2
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respectively).
In the linkage study most sirens were born alive and 
were either monopodal or dipodal. Three however, had two 
hind limbs which were separate but close together. These 
were scored as "semi-sirens" at birth. Two of them were 
left with their normal littermates, the third was sacrificed 
by decapitation and examined for visceral abnormalities. Of 
the other two, one lived for eight days and the other sur­
vived for 11 weeks; both were examined for visceral abnor­
malities. All three were females, each with two ovaries.
One had only one uterine horn, the others had two uteri, 
all of which ended blindly. All three had two kidneys and 
ureters both of which were hydrated. The urinary bladder 
was present in two and questionable in the mouse that lived 
for eight days. The latter also had no anus, no genital 
opening and a ruptured intestine, which probably resulted 
from the absence of the anus. The remaining soft tissues 
and organs appeared normal.
The skeletons of the semi-sirens were examined for 
verification of the srn/srn genotype. In one, the pubes 
were vestigial and the ischia existed as a small centrally 
located triangular-shaped bone. The other two both had 
abnormally formed ischia which were oriented ventrally and 
thus shifted the acetabula forward, bringing the limbs
31
closer together. The femora were retained inside the body 
in the mouse that lived for 11 weeks. Two of these mice 
were short-tailed. The remaining sirens were identified as 
monopodal or dipodal at birth and were examined for visceral 
abnormalities. The most frequent abnormalities were atresia 
ani, absence of genital opening and absence of urinary 
bladder. Females generally had two ovaries and uteri, but 
the uteri were either blind sacs or ended in the large 
intestine or muscle. Vaginas were imperforate. All male 
sirens had two testes, but vas deferens on some were blind. 
All had two kidneys which were hydrated; ureters, if pres­
ent, were also hydrated, and the large intestine was usually 
blind. Adrenals were present in all sirens examined. 
Thoracic viscera, liver and stomach appeared normal. The 
skeletons of these sirens were prepared and stained with 
alizarin red S. All revealed abnormal ischia as either a 
single triangular, centrally located or vestigial structure.
There did not appear to be any interaction between the 
T and srn loci. The range of abnormalities in srn/srn mice 
was the same in the T/+ mice and +/+ mice. The range of 
abnormalities were also similar to those reported by 
Hoornbeek (1970a). Twenty-five additional sirens were pro­
duced and examined in the present study, while proving 
carriers of the srn gene, with the same range of visceral
32
and skeletal abnormalities. Eleven male, eleven female and 
3 of unknown sex sirens were born. The sex ratio of all 
sirens born from intercrosses and test crosses was normal 
(X2= 0.05).
The results of the plasma alkaline phosphatase (AKP) 
assay for the two lines at the different ages are presented 
in Table 2. Mean AKP Activity levels have been plotted in 
Figures 1 and 2.
During this study, the genotypes of as many mice as 
possible in the Siren line were determined by matings with 
known carriers of the srn gene. The genotypes of normal 
newborn pups could not be tested since they were sacrificed. 
The homozygous recessive (srn/srn) genotype was kept separate 
in all comparisons. The normal phenotype includes both the 
homozygous dominant and the heterozygous genotypes. The 
mean activity levels between the siren and normal pheno­
types were not significantly different in either sex (males 
t= 0.06, df= 51; females t= 0.08, df= 54). Differences 
between proved genotypes (+/+ and +/srn) were tested for 
each sex at each age when the sample size was large enough. 
These data are presented in Table 3. A significant differ­
ence was found between +/+ and +/srn females at 30 days of 
age. The +/+ females had higher AKP activity. No compari­
son was made between +/+ and +/srn males at 30 days of age
Table 2
Alkaline phosphatase activity expressed in Sigma Units per ml of plasma
BUA/Hn Strain
Acre  Females______________  Males
N ActivityjSE N ActivityjSE
Birth 22 21.2itl.03 31 18.9lo.63
30 Days 22 7.2+0.33 28 6.910.30
45 Days 16 6.2+0.26 29 5.4lo.23
90 Days 17 2.7+0.17 20 2.4lo.l8
Siren Line
______ Females_________________   Males
Age N ActivityjSE N ActivityjSE
Birth(siren) 13 16.2+1.38 13 17.6ll.33
(+/-) 43 17.5l0.78 40 17.7i0.92
30 Days 41 5.4+0.23 43 5.9+0.15
45 Days 40 3.9+0.15 44 3.8+0.14








Acre N ActivityisE N ActivityiSE df t
30 Days 5 6.6±0.22 11 5.4+0.58 — ----
45 Days 7 4.oio.36 10 3 . 8lt0. 34 15 0.47
90 Days 6 1.7i0.28 10 1.7+0.18 14 0.09
Females
+/+ +/srn
Acre N Activity+SE N Activity+SE df t
30 Days 14 5.9+0.41 19 4.9+0.29 31 2.17*
45 Days 19 3.8+0.18 18 4.olo.26 35 0.68
90 Days 12 2.3+0.19 14 2.1+0.21 26 0.59
90 Days 
(Preq.)
9 1.4+0.16 4 1.4+0.21 — ----
1-Enzyme activity expressed in Sigma Units per ml plasma 
*P < 0.05
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because of the small sample size of +/+ males. At 90 days 
of age some females were pregnant. A significant difference 
was found between pregnant and non-pregnant females (t= 3.21, 
df= 33) and between pregnant and lactating females (t= 3.27, 
df= 16), the activity of the pregnant females was higher in 
each case. No significant difference was found between non­
pregnant and lactating females (t= 0.17, df= 25), so these 
samples were pooled for 90 day comparisons. The sample size 
of +/srn pregnant females was too small to compare with +/+ 
pregnant females, although the mean alkaline phosphatase 
levels were the same.
The data in Table 4 represent all comparisons made be­
tween males and females of the Siren line. Since there were 
no significant differences between +/+ and +/srn within 
sexes, except as noted above, the analysis includes compari­
sons between sexes of pooled proved genotypes of each sex 
where sample sizes and common variance permitted. When 
pooled, a significant difference was found between males 
and females at 90 days of age, with females having a higher 
AKP activity. When animals of unproved genotype were in­
cluded, a significant difference at 90 days was also found 
between sexes, with females again being higher.
Comparisons between sexes of the BUA/Hn strain are 
summarized in Table 5. The female AKP activity level was
Table 4
AKP activity levels between sexes of the Siren line^
Males Females
Age N Activity±SE N Activity+SE df t
Birth srn/srn 13 17.6+1.33 13 16.2^1.38 24 0.70
+/- 40 17.7+0.92 43 17.5+0.78 81 0.15
30 days +/srn 11 5.4+0.58 19 4.9+0.29 28 0.79
+/+2 5 6.6±0.22 14 5.9+0.41 — ----------
PPG 16 5.7+0.42 33 5.4lo.26 47 0.82
+/-3 43 5.6+0.15 41 5.4+0.23 82 0.66
45 Days +/ srn 10 3.8i0.34 18 4.OiO.26 26 0.52
+/+2 7 4.0+0.36 19 3.8+0.18 24 0.62
PPG 17 3.9+0.24 37 3.9t0.15 52 0.05
+/-3 44 3.8±0.14 40 3.9l0.15 82 0.48
90 Days +/ srn 10 1.7+0.18 14 2 . ljjO. 21 22 1.29
+/+2 6 1.7±0.28 12 2.3+0.19 16 1.78
PPG 16 1.7 j[0.16 26 2.2+0.14 40 2.27*
+/-3 45 1.8+0.08 27 2.2±0.15 70 2.28*
•'•Enzyme activity expressed in Sigma Units per ml plasma
Spooled proved genotypes
3a 11 animals (proved and unproved)
*P < 0.05
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Table 5. AKP activity! levels between sexes of the BUA/Hn Strain 
Males  Females
Acre N Activity+SE N Activity+SE df t
Birth 31 18.9+0.63 22 21.2+1.03 51 2.04*
30 Days 28 6.9±0.30 22 7.2+0.33 48 0.60
45 Days 29 5.4+0.23 16 6.2+0.26 43 1.94
90 Days 20 2.4+0.18 17 2.7+0.17 35 1.40
1-Enzyme activity expressed 
*P < 0.05
in Sigma Units per ml plasma
Table 6. AKP activity^ levels within sex between the
BUA/Hn Strain and Siren Line
Males
BUA/Hn Siren line (+/-)
Age N Activity+SE N Activity+SE: df t
Birth 31 18.9±0.63 40 17.7+0.92 — ----
30 Days 28 6.9±0.30 43 5.6+0.05 — ----
45 Days 29 5.4+0.23 44 3.8+0.14 71 5.38**
90 Days 20 2.4+0.18 45 1.8+0.08 63 3.46**
Females
BUA/Hn Siren line(+/-)
Age N Activity+SE N Activity+SE df t
Birth 22 21.2+1.03 43 17.5+0.78 63 2.80**
30 Days 22 7.2+0.33 41 5.4+0.23 61 4.52**
45 Days 16 6.2+0.26 40 3.9+0.15 54 9.76**
90 Days 17 2.7+0.17 27 2.2±0.15 42 0.67
1-Enzyme activity expressed in Sigma Units per ml plasma
**P <  0.01
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significantly higher than that of males at birth in this 
strain. Variance ratios were determined prior to t-tests 
and at all ages were not significant at the 1% level.
Variances were compared between BUA/Hn and the Siren 
line at all ages for both sexes. When F was not significant 
at the 1% level, the "Student's" t-test was applied. The 
results of these comparisons are presented in Table 6. 
Significant differences were found in all cases except in 
the 90 day-old females, with the BUA/Hn AKP activity levels 
higher than in the Siren line.
The mean weights of each line are presented in Table 7. 
The weights within the Siren line are recorded for known 
genotypes and for pooled proved and unproved genotypes at 
all ages except birth. Variances were compared between the 
BUA/Hn strain and the Siren line (pooled known genotypes).
No significant differences were found except for males at 
birth (F = 2.66, P = 0.01, 39/30df). Differences between
weights within sex between lines were tested. The results 
are presented in Table 8. Significant differences were 
found at all ages between BUA/Hn and Siren line males, 
except a comparison could not be made at birth. In each 
case the BUA/Hn males were heavier. The AKP activities 
were also significantly higher at each age in the BUA/Hn 
strain. Differences in weight between the BUA/Hn and Siren
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Acre N Weightlse N Weight+SE
Birth 31 1.4510.02 22 1.35+0.03
30 Days 28 19.44lo.46 22 17.65l0.38
45 Days 30 25.26l0.36 16 22.13lo.33
90 Days 1 20 31.18+0.47 171 27.96ll.09
Siren Line
Males Females
Age N Weight+SE N WeightlSE
Birth srn/srn 13 1.1710.05 13 1.2410.08
+/- 40 1.44+0.03 43 1.43+0.03
30 Days +/+ 5 16.14+1.90 14 16.8ll0.60
+/srn 11 17.60+0.64 19 17.34+0.55
45 Days +/+ 7 22.90l0.99 19 19.93lo.37
+/srn 8 23.33+0.69 18 19.60l0.55
90 Days +/+1 6 25.93lo.55 121 28.52ll.29
+/srn-L 9 27.8610.89 91 27.97ll.33
(Lact.) +/ srn 5 28.54l0.88
Males Females
PPG2 N WeightlSE N WeightlSE
30 Days 16 17.19lo.77 33 17.12lo.40
45 Days 15 23.33+0.57 37 19.77+0.33
90 Days'L 15 27.09l0.61 211 28.28+0.91
^Lactating and pregnant mice not included. 
Spooled proved genotypes
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line females were not significant except at 45 days, at which 
time the BUA/Hn females were heavier than the siren line 
females (Table 8). The AKP activity was, as in the case of 
the males, significantly higher in the BUA/Hn females at 
this age. The level of AKP activity was also significantly 
higher in the BUA/Hn females at birth and at 30 days.
Litter sizes at birth in the BUA/Hn strain and Siren 
line were compared to determine whether they might partially 
account for later weight differences. No significant differ­
ence was found (t= 0.29, df= 25) between the two lines.
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df tN WeiqhtiSE N WeiqhtiSE
Birth 31 1.45j;0.02 40 1.44i0.03 — ----
30 Days 28 19.44+0.46 16 17.19+0.77 42 2.71**
45 Days 30 25.26l0.36 15 23.33i0.57 43 2.93**
90 Days 20 31.18l0.47 15 27.09+0.61 33 7.18**
Females
BUA/Hn Siren(+/-)
Aqe N Weiqht±SE N Weiqht+SE df t
Birth 22 1.35±0.03 43 1.43io.03 63 1.52
30 Days 22 17.65+0.38 33 17.12+0.40 53 0.93
45 Days 16 22.13io.33 37 19.77+0.33 51 4.34**




The appearance of sirenomelia in mice and the similar­
ity of skeletal and urogenital abnormalities to those found 
in human sirens provides an excellent model for investiga­
tion. The original appearance of sireniform mice resulted 
from the interaction in various combinations of T, t^, Fu 
and ur genes (Dunn and Gluecksohn-Schoenheimer, 1945). The 
sirens in this laboratory often have short tails. These 
two factors indicated that the most logical test for allelism 
and linkage should first be carried out at the T locus in 
linkage group IX. The results of this study gave no indi­
cation of allelism. If srn had been an allele of T, the 
number of phenotypic classes would be reduced by virtue of 
the fact that T/T is lethal during development and srn/srn 
is easily recognized at birth. Theoretically, only T/tsrn 
would be left, and would have at least a short-tail due to 
the presence of Tb The interaction of T with the known 
recessive _t-alleles results in a tailless phenotype (Bennett 
and Dunn, 1969). Although there was one tailless mouse 
produced in the progeny of the intercrosses in this study, 
it did not occur in a siren and was probably a phenotypic 
modification of the Brachyury phenotype. Such modifications 
have been found in inbred line of T/+ (Dunn and Gluecksohn-
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Waelsch, 1953) . The intercrosses conducted in this study- 
resulted in four phenotypes, i.e., short-tail, short-tail 
siren, normal, and normal tail siren, thus indicating that 
srn is not an allele of T?.
Since two genes were being considered for possible 
linkage, their individual segregations were first examined 
as suggested by Green (1963). The segregation at the srn 
locus did fit the expected 3:1 phenotypic ratio when inter­
crosses which produced sirens were tested. However, segre­
gation at the T locus did not fit the expected 2:1 ratio. 
Since one of the single factor segregations was significant, 
it was determined whether the two pairs of genes recombined 
randomly. Results of the contingency chi-square tests using 
the data from the intercrosses in this study indicated that 
the two genes assorted independently. Reasons for abnormal 
segregation ratios include reduced viability or reduced 
penetrance of a trait. There are many alleles at the T 
locus which account for abnormal segregation ratios (Dunn 
and Gluecksohn-Schoenheimer, 1939 and 1943; Dunn and 
Gluecksohn-Waelsch, 1952). However, the latter authors 
have found normal segregation ratios in studies of the T/+ 
genotype. Since the range of expression of the T/+ genotype 
is quite variable, from a stub to near-normal, the abnormal 
segregation at the T locus, in this study, might in part
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be accounted for by a misclassification of T/+ mice and 
+/+, thus lowering the number of T/+ progeny. Another 
factor which might account for the lower T/+ class could 
be a reduced viability of the T/+ +/srn and T/+ srn/srn 
genotypes. Both T/+ +/- and T/+ srn/srn phenotypes were 
deficient among the progeny of intercrosses.
Although there does not appear to be any statistically 
detectable interaction between the two loci (T and srn), 
interaction at some stage of development would be expected, 
as both mutations affect the skeleton. There are several 
other mutants which have effects on the skeletal and/or 
urogenital system. Danforth's Short (Sd) has a simultaneous 
effect on the tail and urogenital system (Gluecksohn- 
Schoenheimer, 1943) . The effect of loop-tail (Ijd) mutation 
which was reported by Strong and Hollander (1949) to be 
semi-dominant with incomplete penetrance and expressivity 
mimics the loop tail phenotype found in a small percentage 
of +/srn mice. The urogenital mutant (ur) had several 
pleiotropic effects in common with srn including the appear­
ance of cleft-palate and mice with approximated legs (Dunn 
and Gluecksohn-Schoenheimer, 1947).
The morphological manifestations of the srn/srn geno­
type in mice are similar to the sirenomelia phenotype in 
human beings. The more frequent anomalies found in human
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sirens include atresia ani, renal agenesis and complete 
urethral atresia. Of the thirty-six siren mice born from 
the intercrosses, four were either partially decomposed or 
partially eaten, making the identification of all character­
istics difficult. Thirty, however, could be classified as 
having atresia ani, three had incomplete ani and three had 
complete ani. In human beings the frequency appears to be 
the same. Renal agenesis in human sirens ranges from 
complete absence of renal tissue, which is the most common, 
to absence of one kidney, to the presence of atrophic kid­
neys. The malformations found in siren mice are similar. 
Among the sirens born during this study, there was a wider 
range of abnormalities of the kidneys in the male than in 
the female sirens. All but one of the female sirens had 
two kidneys which were, along with the ureters (when pres­
ent) , hydrated. One female was found to lack both kidneys 
and ureters. Among male sirens, kidneys and ureters were 
absent in two, one siren had rudimentary tissue situated 
above the testes, assumed to be renal tissue; one had only 
one kidney; three were found to have a small left kidney 
and a hydrated right kidney, and the remaining seven had 
two kidneys which were hydrated. In the latter seven the 
ureters, when present, were hydrated. In one male with 
two kidneys, the ureters were extremely short and connected
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to the large intestine at the level of the kidney.
All male siren mice had two testes. Vas deferens were 
normal, except for two cases in which they ended blindly. 
Among females, aberrations of the reproductive tract were 
severe. All female siren mice in this study had two 
ovaries; however, one uterine horn was often absent. If 
two horns were present they never joined and many either 
ended blindly or appeared to connect to the large intes­
tine. Vaginas were imperforate in all cases. The severity 
of anomalies in the reproductive tract of the females com­
pared to males, versus the opposite severity of the urinary 
tract between sexes is probably due to the earlier develop­
ment of the male reproductive system. In an affected male, 
development of the reproductive tract must have an inhibi­
tory effect of the development of the urinary system. In 
the females, the urinary tract must start its development 
prior to the proliferation of the female reproductive tract 
and hence have an effect on it. Among the human sirens 
there have been more males than females reported. The sex 
difference in anomalies of the urinary and reproductive 
tracts parallels that of siren mice. It is interesting to 
note that one human male siren had two kidneys fused to 
form a horse-shoe (Hendry and Kohler, 1956). A similar 
situation was found in one of the earlier reported siren
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mice (Gluecksohn-Schoenheimer and Dunn, 1945).
The urethral atresia found in human sirens was diffi­
cult to confirm in the siren mice in the present study.
All but two sirens, however, lacked a urinary bladder and 
genital papilla. The absence of the urinary bladder and 
urethral orifice was the reason for hydrated kidneys and 
ureters in most siren pups. Many human sirens do not have 
a urinary bladder, but since most do not have renal tissue, 
the condition of hydration is not as common as it is in 
mice.
The adrenals are reported to be misshapened or en­
larged in human sirens. Since the presence of the kidney 
is an influencing factor on the shape and size of the 
adrenals, abnormalities must be a result of the absence of 
kidneys. The siren mice in this study all had two adrenals 
with no apparent morphological abnormalities.
Malformations of organs of the thoracic cavity were 
not found among mouse sirens. There are several reported 
in human sirens, such as tracheo-esophageal fistulae, 
atresia of the larynx, aplasia of the trachea, and a tri- 
locular heart.
The skeletal defects found among siren mice were pri­
marily in the lower limbs and pelvic girdle. The range of 
defects is similar to those reported in human sirens.
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Pubes and ischia were most commonly affected and were either 
absent, vestigial, or fused. As a result the acetabula 
were shifted or even reduced in number
The appearance of semi-sirens among mice in this study 
may have an analogy in human beings. In the case of male 
twins reported by Bauereisen (1905) one twin was a siren 
while the other was reported to have a normal skeleton.
The autopsy of the normal twin, however, revealed the 
absence of the left kidney, the location of the testes in 
the pubic "ring," and atresia of the anus and rectum. 
Although not recognized as such, one of the litter mates 
of one of the sirens reported by Dunn and Gluecksohn- 
Schoenheimer (1947) was a semi-siren. They reported a 
mouse to have "approximated but not fused" hind legs. In 
this mouse the kidneys, ureters, bladder and urethra were 
absent and the intestine ended blindly. Semi-sirens are 
apparently, at least in mice, a case of variable express­
ivity in the srn/srn genotype. Although a specific geno­
type is not known for sirenomelia in human beings, variable 
expressivity would be expected. Variable expressivity 
would thus explain the discordance of the trait found in 
identical twins, such as the case reported by Nance, et al. 
(1969) .
The primary expression of sirenomelia appears to be
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the same in both man and the mouse. The variations or 
extent of malformations are the result of the pleiotropic 
effects of the gene or genes operating.
The comparison between plasma alkaline phosphatase 
activity levels between genotypes of the siren line at 
different ages allows a determination of the direct or 
pleiotropic effect of srn gene action in the homozygous 
recessive and heterozygous mouse. In addition, the use of 
the BUA/Hn strain for comparison at the same ages allows 
an analysis of variation in activity of the enzyme in an 
inbred line.
When known genotypes in the siren line were compared 
within a sex (Table 3), the only significant difference 
was between +/+ and +/srn genotypes at 30 days of age in 
the female. That this significance is due to the genotype 
is unlikely even though the heterozygote was lower than 
+/+. If the +/+ genotype was responsible for the increased 
activity, one would expect to find a similar relationship 
at the other ages. Such a relationship was not found in 
this study. The fact that there was no significant differ­
ences between +/- and srn/srn genotypes at birth within 
sexes and between sexes (Table 4) establishes the indepen­
dence of the srn/srn genotype to alkaline phosphatase 
activity.
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In this study it has been shown that in the siren line 
there is little variation in plasma alkaline phosphatase 
activity between sexes at all ages except at 90 days, where 
the activity is significantly higher in the female (Table
4). This difference at 90 days could be a function of sex 
in the siren line, where the female may have more late- 
acting genes for alkaline phosphatase production than the 
male. However, since the significance was found only after 
pooling the proved genotypes, it would appear more likely 
to be due to a wider range of greater variation of activity 
of the +/+ genotype at 90 days of age.
The difference which was found between pregnant and 
non-pregnant siren line females at 90 days is a curious 
one. The activity decreased during pregnancy in these 
females, whereas activity increases during pregnancy in 
humans. Posen, et al. (1969) concluded that the increase 
in pregnant human females is due to placental alkaline 
phosphatase in the maternal circulation. No placental 
alkaline phosphatase has, as yet, been identified in the 
mouse; however, if the placenta in mice was low in alkaline 
phosphatase, the shift would probably be in the direction 
of the fetus, thereby lowering the alkaline phosphatase of 
the maternal circulation. It is interesting to note that 
in the studies of Manning, Steinetz, and Glanning (1969)
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no detectable placental enzyme which spilled over into the 
serum of pregnant rats could be found. However, they found 
that the serum alkaline phosphatase activity did not differ 
significantly from that of the control.
For comparison at the same ages, the inbred BUA/Hn 
strain of mice was employed in this study. The variation 
between sexes was small except at birth (Table 5). The 
significant difference at birth is probably a function of 
sex. The female of the BUA/Hn strain may have more con­
tributing genes for alkaline phosphatase activity which 
are still active at birth associated with autosomal genes 
for this activity and for sexual dimorphism.
The comparisons of activity between the BUA/Hn strain 
and the siren line indicate that there is a large amount 
of variation between them (Table 6). The BUA/Hn strain 
has the higher activity. A strain specific level of alka­
line phosphatase activity at all ages is expected as deter­
mined by Yuhas, et al. (1967) who found significant strain 
differences in adult mice (105-145 days). This is undoubt­
edly a result of the differential homozygosity of contri­
buting genes for alkaline phosphatase activity in various 
strains. The differences between the BUA/Hn strain and 
the siren line are significant at each age, except for the 
90 day females. Even though the siren line is not inbred,
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the variation in alkaline phosphatase activity within the 
line at each age is not significantly different from that 
within the inbred line. If alkaline phosphatase activity 
is a result of several contributing genes, the homozygous 
inbred line would be expected to be different from a non­
inbred line in which varying degrees of homozygosity and 
heterozygosity are expected at the several loci. The study 
by Yuhas, et al. (1967) demonstrated a three level distri­
bution of alkaline phosphatase activity, which is compat­
ible with an additive two locus system, in the females of 
the 23 strains. The decrease in alkaline phosphatase 
activity from 45 days to 90 days is much greater in the 
BUA/Hn strain than in the siren line. Perhaps the number 
of genes functioning is similar between lines at 90 days.
Males of the BUA/Hn strain were heavier than males of 
the siren line at all ages except birth (Table 8). Thus 
the prenatal environment is similar for both lines, in so 
far as contribution to body weight at birth is concerned. 
However, the BUA/Hn line is homozygous for weight-contri­
buting genes which apparently begin to manifest themselves 
shortly after birth. The BUA/Hn strain females were 
heavier than siren line females only at 45 days of age.
The reason for this significance is probably due to the 
poor nursing ability of the BUA/Hn strain. Compensation
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for the pre-weaning environment in these females probably 
accounts for the significant difference at 45 days. The 
pre-weaning environmental effect on females could prevent 
detection of genetic differences in growth during this 
stage of development. The difference in male weight found 
between lines at 30 days however, is probably partially 
genetic, because litter sizes were not significantly 
different between the two lines.
When the significant differences between the two lines 
for alkaline phosphatase activity and the corresponding 
differences in weight between the two lines are considered 
at 45 and 90 days of age, it is seen that the BUA/Hn males 
are heavier and their alkaline phosphatase activity higher. 
The BUA/Hn females are heavier at 45 days of age, and their 
alkaline phosphatase activity is higher. It appears that 
growth differences between the two lines partially 
accounts for the higher alkaline phosphatase activity in 
the BUA/Hn strain. One of the strains contributing to the 
background genotype of the siren line is SM/J, which has 
a relatively small body size which tends to disappear as 
the animals become adults; as adults the relative body 
size usually catches up with adults of other strains (Chai, 
1961). In their study on adult mice, Yuhas, et al. (1967) 
found the alkaline phosphatase activity of the SM/J strain
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to be about the average of activity levels of the 23 strains 
tested, the female activity being higher than the male's.
The activity of plasma alkaline phosphatase has not 
previously been compared at different ages within mouse 
lines. Yuhas, et al. (1967) determined activity levels 
only at the adult stage (105-145 days of age). Novak, et 
al. (1970) established the normal range of activity for 
42 day-old male mice of the ICR Swiss Albino strain. The 
latter study reported the normal activity in mouse serum 
to be significantly higher than that in humans. In the 
present study the activity was found to parallel the 
pattern reported for man, the rabbit and rat (Kay, 1930a) 
and dog (Bodansky, 1934b). In all species reported the 
alkaline phosphatase activity was highest in the young, 
decreased with age, and finally levelled off in adults.
If one considers some of the major sources of plasma alka­
line phosphatase, the explanation for such a pattern 
throughout life becomes apparent.
One of the major sources of plasma alkaline phosphatase 
is the functioning osteoblast. One would, therefore, expect 
high alkaline phosphatase activity during times of active 
bone growth. In their study of scurvy in children and 
guinea pigs, Knox and Goswami (1961) observed decreased 
serum alkaline phosphatase activity compared to controls.
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However, they found no significant change in the alkaline 
phosphatase activities of the intestinal mucosa, kidneys, 
adrenals or liver during scurvy. The enzyme leaks into 
the blood and as long as the supply of the other sources of 
alkaline phosphatase remain constant, the level is pro­
portional to osteoblastic activity. Thus, the activity 
changes observed during this study are probably indicative 
of a cessation of active bone growth as the mice mature.
The small intestine is also a rich source of alkaline 
phosphatase. Gomori (1941) demonstrated the enzyme to be 
in what was then called the striated border of the epithe­
lium in the rat, cat, rabbit, guinea pig, Rhesus monkey,
dog, ground hog, gopher and hog. It has since been demon­
strated to be in the covering membranes of the microvilli
(=striated border) (Overton, Eichholz, and Crane, 1965).
That the small intestine makes any significant contribution 
to plasma alkaline phosphatase is not likely. Moog,
Etzler, and Grey (1969) found alkaline phosphatase to be 
an integral part of the surface of the microvilli in the 
mouse. The relative activity in the duodenum of the mouse 
was just the opposite of that found in plasma in this study. 
The activity reported was low in infant mice, increased 
between 11 and 14 days, approximately doubled between 14 
and 16 days; by 20 days the activity became fairly well
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stabilized and changed very little thereafter. The changes 
in activity have been demonstrated to coincide with an 
apparent reorganization of the microvilli (Overton, et al., 
1965). It would not seem likely, therefore, that the small 
intestine accounts for the changes in the plasma alkaline 
phosphatase activities.
The intestinal mucosa may contribute some alkaline 
phosphatase to the plasma after the ingestion of carbo­
hydrates by over-production of phosphatase (Bodansky,
1934a). Therefore, the contribution of the intestinal 
mucosa may, in part, explain the wide range of plasma 
alkaline phosphatase between individuals within species.
The physiological function of mammalian alkaline 
phosphatase has not been well established. However, it 
is thought to be connected with active transport. Engstrom 
(1961) based this assumption on the location of the enzyme 
within the cell and its ability to bind inorganic phosphate. 
If one considers those organs or tissues where high alka­
line phosphatase activity has been found, i.e., bone, 
kidney cortex, and small intestine (Gomori, 1941) these 
are also areas where some form of active transport can be 
found and therefore the assumed function seems logical.
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CONCLUSIONS
1) Mutations at the T and srn loci are not allelic. The 
two loci assort independently. There was no detectable 
interaction between the two mutations.
2) Segregation was normal at the srn locus. Abnormal 
segregation at the T locus was probably due to reduced 
viability of the T/+ +/srn and T/+ srn/srn genotypes.
3) Development of the reproductive tract was more severly 
affected by the srn mutation in female sirens than in male 
sirens. The opposite was found for urinary tract develop­
ment. The severity of anomalies in both tracts parallels 
sex differences found in human sirens and might be explained 
by the earlier development of the reproductive tract in 
males. Pelvic and lower limb defects in siren mice are 
similar to those in human sirens.
4) The occurrence of semi-siren mice is a result of variable 
expressivity among srn/srn pups. The semi-siren condition 
also occurs in human sirens. Variable expressivity pro­
bably accounts for the discordance of sirenomelia found in 
human identical twins.
5) Plasma alkaline phosphatase activities at birth in siren 
and normal pups were not significantly different, indicat­
ing that the activity level is independent of the srn/srn
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genotype.
6) Alkaline phosphatase activities within the siren line 
were similar between sexes at most ages. The higher activ­
ity found in females at 90 days was probably due to a 
wider range of activity in the +/+ genotype at this age.
7) The lower activity of alkaline phosphatase found in 
pregnant females in the siren line may be due to a shift 
of the enzyme in the direction of the fetus.
8) Alkaline phosphatase activities within the inbred BUA/Hn 
strain are similar between sexes at all ages except birth. 
This difference is probably the result of contributing 
genes for activity associated with genes for sexual dimor­
phism.
9) Alkaline phosphatase activity was higher at most ages 
in the BUA/Hn strain than the siren line due to the homo­
zygosity of contributing genes in the inbred strain. 
Differences in growth between the two lines may partially 
account for differences in alkaline phosphatase activity.
10) The decrease in alkaline phosphatase activity after 
birth in mice is due to cessation of active bone growth.
Figure 1 Alkaline phosphatase activity levels in the 
BUA/Hn strain. Enzyme activity expressed in 
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Figure 2 Alkaline phosphatase activity levels in the 
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